Progress as yet unpublished:
Thermoelectrics
We have embarked on a study of thermoelectric materials, as proposed in the renewal.
Ba 24 Ge 100 :
This material has the structure of a clathrate with large cages formed by a network of Ge that contain the Ba. It is promising as a thermoelectric because of the strong phonon scattering by the Ba ions rattling in the cages. We have collected powder diffraction data using the GEM Diffractometer at ISIS in the UK. The data have been analyzed using Rietveld refinement and an atomic pair distribution function (PDF) study is underway to look for correlated displacements of Ba in neighboring cages. We will also be taking this sample to NSLS, Brookhaven, in July to obtain x-ray data for PDF analysis. These data will be more sensitive to the Ba-Ba correlations due to the relatively strong x-ray scattering of Ba.
Sr 8 Ga 16 Ge 30
Static disorder in this class of materials (also known as rattlers) if present could probably be related to the glass like lattice thermal conductivity that this class of materials displays. The most interesting thing for us to look at in this material is Sr distribution in the cavities as a function of temperature. There are two distinct cavities one of which has a single potential minimum the other has multiple equivalent minima. It would be great to get a clearer picture of the potential that these atoms are sitting in and also address the interaction issue between different metal atoms. When temperature is increased do we just increase the jump rate between different well defined local minima or are these multiple minima so shallow that on heating something else happens? Another interesting question that we would like to address is whether there is a short range order of displacements in this system. This sample will be measured on the SEPD neutron Diffractometer at IPNS in June.
Proton Conductors Rb 3 D(SeO 4 ) 2
This material is promising in battery and fuel cell applications because of the very high proton conductivities. The extremely high conductivity of the trigonal phase (and even the good conductivity of the intermediate phase) can be understood in terms of the low occupancy of the protons in their respective crystallographic sites. The probability of forming a hydrogen bond between any two oxygen atoms within the (0 0 1) plane is 1/3. In addition, there are two possible proton positions within any hydrogen bond, and thus the average occupancy at any site is 1/6. The rapid repositioning of protons both within any hydrogen bond and between hydrogen bonds gives rise to superprotonic conductivity. The objectives of the present study are two-fold. First, we wish to establish whether the deuterated compound, Rb 3 D(SeO 4 ) 2 , similarly undergoes a two-step transition. Typically, deuteration does not have a significant impact on high temperature phase transitions and similar behavior is expected here.
Correlated motion in the PDF
An ongoing interest is to understand how atomic dynamics manifest themselves in the PDF and how much dynamical information can be extracted from the PDF. We are putting the finishing touches to a paper that studies the applicability of the correlated Debye model and atomic force models to study both the r-dependence and T-dependence of PDF peak widths from simulated and experimental PDF data.
Semiconductor alloys
We are completing analysis to an extensive data-set giving temperature and composition dependence of the ZnSe 1-x Te x system of semiconductor alloys. This will be completed soon. From this we can learn about the evolution of the Zn-Se and Zn-Te force constants in the alloys. We expect (and indeed we have previously made this approximation) that the force constants don't change in the alloys. However, our PDF data is of sufficiently high real-space resolution that we can resolve these two distinct nearest-neighbor peaks explicitly and study their temperature dependent broadening (and therefore stiffness) explicitly in the alloys allowing us to test this hypothesis.
Analysis and Theory
It is clear that data have to be measured accurately and models have to reproduce the data with high accuracy. This requires some theoretical advances in treating PDF line-shapes and in calculating PDFs from models. It is also clear that approximations such as considering only one-phonon scattering intensities and neglecting distortions to the data due to the geometry of time-of-flight neutron measurements need to be critically examined.
Regardless of whether the PDF proves to yield accurate enough potential parameters in real systems, these theoretical advances will make the PDF a more powerful structural probe. For example, we note that the widespread acceptance of the Rietveld refinement came only when issues of diffraction line-shapes were critically examined and solved. Finally, with the advent of high throughput diffractometers such as GEM at ISIS and the proposed PDF diffractometers at LANSCE (neutron) and on the MuCAT sector of the APS (x-ray) it will be possible to obtain multiple data-sets as a function of temperature.
With the increased accuracy of experimental data, and data analysis, it is important to consider effects that could be largely ignored before, if the maximum amount of information is to be extracted from an experiment. It is possible in some cases to model the experimental resolution in real space as a modified Gaussian. This splits into a Gaussian multiplicative first term and a convolution with a Gaussian of variable width. If the peak in the PDF is Gaussian, as is often assumed, then its width is increased slowly increases with distance. It has been noted that this increasing width with distance leads to a better fit with experimental PDF data. Our recent work shows the origin of the term in real space for the first time as far as we are aware.
The PDF is the Fourier transform of the scattering function that is integrated over all energies and so contains both elastic part and an inelastic part with the total scattering involving 1, 2 and multiple phonon contributions. The elastic part is just the Bragg peaks, modulated by the Debye-Waller factor. The multiphonon terms give the more interesting scattering, which is a diffuse background that peaks up around the base of the Bragg peaks, which itself is the result of the spherical averaging over the Huang peaks. It is useful to decompose this scattering into the one, two and multi-phonon terms and this can be done by first extracting the Debye-Waller factor and then expending. This expansion can also be done in real space.
We have brought together a number of these analysis and theory points to obtain a fit to the PDF of a Fullerite crystal (as a test of the methodology) at a high enough temperature that the Buckyballs can be thought of as free rotators. The chemistry of C 60 molecules leads to situation when intramolecular interactions are significantly stronger then intermolecular interactions. Thus in the first approximation the intermolecular interaction can be neglected. We compute the RRDF of the single Buckyball. In order to verify the precision of our calculations, we calculate the RPDF of the Fullerite crystal and compare it with high quality RPDF measurements. In order to take into account contributions to the PDF from different molecules, we will adopt the thin shell continuum approach. We also make corrections to the calculated PDF due to the finite resolution of the experimental measurements. We find that the corrections to the Gaussian approximation are so small as not to be visible on the scale of Fig. 1 and so are not shown. This result is quite surprising as some anisotropy is present, but this is consistent with our general conclusions. In order to calculate the RRDF of the molecule, we have to calculate average (relative) displacements of the atoms due to their vibrations, and then obtain the widths. The matrix of (relative) average displacements can be calculated if the eigenfrequencies and eigenvectors of molecular vibrations are known, and the complete result shown in Fig. 2. 
